Seventy-two patients with left-to-right shunts were studied an average of 5 years after operation. Persistent residual shunts occurred in 24 of the 72 patients and were unsuspected clinically in 11. While significant residual shunts were usually suspected in the group with ventricular septal defects (VSD), residual shunts in the group with atrial septal defects (ASD) were frequently unsuspected.
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Hemodynamic data Exercise ALTHOUGH several studies have been published regarding patients who have undergone surgical closure of left-to-right shunts at the atrial, ventricular, and great vessel level, relatively little information is available regarding long-term follow-up hemodynamic data.1-5 Reports concerning hemodynamic responses to the stress of exercise and hypoxia are limited.
The purposes of this postoperative evaluation of left-to-right shunts were (1) to determine whether unsuspected residual shunting may occur in asymptomatic patients, (2) to assess the reactivity of the pulmonary vascular bed, and (3) to determine the adequacy of ventricular function as measured by cardiac output responses to exercise. Methods A total of 72 patients were studied from 6 months to 13 years after operation. Surgical correction had been carried out on 31 of the 72 patients for ventricular septal defects (VSD) an average of 3.1 years before this study, on 15 patients with patent ductus arteriosus (PDA), an average of 6.5 years before, and on 26 with atrial septal defects an average of 5.4 years (table 1) . Initially, patients were selected who had undergone surgical correction 5 to 10 years previously. Subsequently, the group was expanded to include patients operated on less than 5 years previously.
Patients were selected on the basis of interval In the PDA group ( fig. 4) Figure 4 Postoperative PDA group compared to normal group.
Same abbreviations as in figure 1. tively to 413±+-73 postoperatively. With exercise TPR increased to 483 ± 141 and during hypoxia to 594 ± 98. In three of five patients studied during exercise, the TPR response was comparable with the control group (<400), and it was abnormal in two. In nine of 13 patients studied with hypoxia TPR was greater than normal (>450) with values in excess of 1,000 dynes noted in three. The PAP fell from a resting preoperative level of 49 + 6 mm Hg to a resting postoperative value of 22 ± 4. The PAP then increased with exercise to 31 + 8 and during hypoxia to 34+4. During exercise PAP was norinal in three patients and exceeded normal in three patients with levels as high as 64 mm Hg. With hypoxia PAP pressure was higher than the control group in eight of 13 Abnormalities in cardiac output response to exercise were observed in a number of our patients. In figure 6 the individual values obtained during exercise are plotted and compared with a normal group.9 In the VSD group, four of 16 patients demonstrated an abnormally low cardiac output during exercise and five had borderline responses. In the PDA group exercise studies were performed in four patients; responses were abnormal in one, borderline in two, and normal in one. In the ASD group, 21 patients were studied during exercise; responses were abnormal in six (one with complete heart block), and borderline in three. Thus, in 41 patients in whom cardiac output was measured during exercise, cardiac output was abnormally low in 12 and borderline in nine. Residual shunts were found in equal numbers among patients with normal and abnormal cardiac output responses. Although in the VSD and PDA groups low exercise cardiac output was frequently associated with abnormally high exercise TPR, this was uncommon in the ASD group, in that of eight subjects with low exercise cardiac output, only one had an excessive rise in exercise TPR.
Discussion
We have shown that in asymptomatic patients a significant number of postoperative residual left-to-right shunts may be present. Although residual shunting in postoperative VSDs is usually detectable, of importance is the fact that shunts of comparable size may occur in ASD patients following operation and be clinically unsuspected.
The electrocardiographic evaluation may be misleading in the postoperative ASD patient, in that manifestations of pressure or flow overload may regress'0 (that is, reduction in iR' in Vi; figs. 7 and 8) while shunts remain. arterial pressure was necessary to perpetuate increased pulmonary arteriolar thickness. Therefore, abnormal responses to exercise and hypoxia, noted in our VSD and PDA groups, provide indirect evidence for the persistence of increased muscle mass in the small pulmonary arterioles. It is possible that the mild hypoxia of Denver's mile high altitude may have had some effect in maintaining the abnormal pulmonary vascular reactivity. [12] [13] [14] The low cardiac output with exercise, observed in a number of patients, is of considerable interest. Whether such responses indicate an abnormality in ventricular function or merely reflect an adaptation to prior existence of large left-to-right shunts is not clear. Previous studies'5 in pulmonary stenosis have shown that one of the compensatory mechanisms for low cardiac output syndromes may be an excessive widening of the A-V difference. Persistence of such a mechanism in the postoperative period may account for the low cardiac outputs noted with exercise in many of our patients.
Abnormal pulmonary vascular reactivity may be an important factor in limiting the exercise cardiac output in our VSD and PDA grouips. However, it is significant that seven of eight ASD patients with abnormally low exercise cardiac outputs had normal PVR.
These results suggest that although abnormal PVR may be of importance in regulating cardiac output, the factor common to all our patients was prior existence of a large left-toright shunt, and it is suggested that the abnormally low exercise cardiac outputs reflect persistence of a compensating mechanism. In addition, the possibility of abnormal left ventricular function may also be important.'6 Perhaps function studies evaluating the left ventricle as a muscle will permit a better understanding of the factors responsible for the exercise responses seen in our patients.
